Purpose: An older female predominance has been reported among chronic cough patients in Western countries, which is considered to be associated with a higher cough sensitivity in females. However, the characteristics of Chinese chronic cough patients remain unclear. This study aimed to explore the age and sex distribution as well as their relationship with cough reflex sensitivity to capsaicin in Chinese chronic cough patients. Methods: We analyzed the demographic features of 1,882 consecutive chronic cough patients who attended our cough clinic in Guangzhou, China. Cough sensitivity to capsaicin, which was defined as the lowest concentration of capsaicin causing 5 coughs or more (C5), was measured in 539 of the 1,882 patients and 68 healthy volunteers. Results: The mean age of the patients was 43.0 ± 13.7 years and patients aged <50 years accounted for more than two-thirds of the study population. Around 87% of the patients were never-smokers. The proportion of females (51.5%) was almost equal to that of males (48.5%). The pattern of the age and sex distribution was consistently reflected within most common causes of chronic cough, while a female predominance was shown in patients with coughvariant asthma and patients aged ≥50 years. Female patients had higher cough sensitivity to capsaicin than male patients (log C5: 1.58 ± 0.84 vs. 2.04 ± 0.84 μmol/L, P = 0.001), and patients aged ≥50 years had higher cough sensitivity to capsaicin than patients aged <50 years. Conclusions: In China, patients with chronic cough have a roughly equal sex distribution and a middle-aged predominance, irrespective of a higher cough sensitivity to capsaicin in females and older patients.
INTRODUCTION
Chronic cough, defined as a cough lasting for more than 8 weeks, is a common presentation seen in general practice and respiratory specialist clinics. A recent international survey reported that the prevalence of chronic cough is 9.6% in the general population. 1 Clinicbased studies have indicated that cough-variant asthma (CVA), upper airway cough syndrome (UACS), eosinophilic bronchitis (EB) and gastro-esophageal reflux related cough (GERC) are common causes of chronic cough. [2] [3] [4] Patients with chronic cough suffer from a marked decrement in quality of life, 5 which is comparable to those with lung cancer and end-stage chronic obstructive pulmonary disease (COPD). 6, 7 An older female predominance among patients with chronic cough has been reported by individual cough clinics. 8, 9 Recently, a worldwide survey of chronic cough confirmed that two-thirds of patients were female, and that the most common age for presentation was 60-69 years, with this profile being uniform across several Western countries. 10 This female predominance was thought to be associated with higher cough sensitivity in females compared to males, [10] [11] [12] and enhanced cough sensitivity to capsaicin in post-menopausal women compared to pre-menopausal women as well. 13 In our practice in a cough clinic in Guangzhou, China, we have noticed neither an obvious sex difference nor a predominance of patients aged over 60 years. 2, 14 Because there has been no study on the age and sex distribution among patients with chronic cough in China, we investigated the demographic profiles of patients with chronic cough, along with their relationship with cough sensitivity to capsaicin in our clinic.
MATERIALS AND METHODS

Subjects
We retrospectively analyzed the demographic features of consecutive patients who attended our specialist chronic cough clinic with thorough investigations and etiological diagnosis from January 2003 to December 2017. Patients were managed using a uniform diagnostic algorithm ( Fig. 1) . 15, 16 The final diagnosis was determined when the cough was resolved. If the cough remained uncontrolled even after extensive investigation and treatment, it was considered unexplained chronic cough (UC). Details of diagnostic criteria and management are depicted in Appendix 1.
Capsaicin cough challenge
To examine the relationship between demographic features and cough sensitivity, cough sensitivity to capsaicin was reviewed in both patients with chronic cough and healthy volunteers. Data were obtained from cough challenge experiments conducted under ethics approvals granted by the Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University (IRB No. 201518) and registered at ClinicalTrials.gov (NCT02591550). Inclusion criteria for participants were: age ≥18 years; had a ratio of forced expiratory volume in 1 second to forced vital capacity ≥0.7; without significant radiological abnormality as well as without active respiratory infection or malignancy. Healthy volunteers were lifetime non-smokers and patients with chronic cough should have a cough duration of >8 weeks. As previously described, 17 capsaicin cough challenge test was undertaken with a compressed air-driven nebulizer controlled by a breath activated dosimeter (output, 0.025 mL per inhalation). Subjects were instructed to exhale to functional residual capacity and then take a single slow inhalation through a mouthpiece for 1 second. Increasing doubling concentrations (range, 1.95-1,000 μmol/L) of capsaicin solutions (Sigma-Aldrich, St. https://e-aair.org https://doi.org/10.4168/aair.2019.11.6.871 Louis, MO, USA) were administered with 3 placebo inhalations of 0.9% saline solution randomly interspersed. Coughs were counted by the cough challenge administrator in the first 30 seconds after inhalation and there was a 1-minute interval between individual inhalations. The challenge was terminated once the capsaicin induced 5 coughs and the lowest concentration of capsaicin causing 5 coughs or more (C5) was recorded as cough reflex sensitivity threshold.
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Statistical analysis
Statistical analysis was performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). The C5 values were logarithmically transformed (to base 10) for analysis. For comparisons of 2 groups, parametrically distributed data were analyzed using Student's t test and nonparametric data were analyzed using the Mann-Whitney test. For comparisons of more than 2 groups, parametrically distributed data were analyzed using 1-way independent analysis of variance. The χ 2 test was used for categorical data. A P value of <0.05 was considered statistically significant.
RESULTS
Overall age and sex distribution of the patients
A total of 1,980 patients were screened and 158 (76 females) patients were excluded ( Fig. 2) . Of the 1,822 patients with chronic cough, the number of females (939, 51.5%) was roughly equal to that of males (883, 48.5%). The mean age of all patients was 43.0 ± 13.7 years. Males were significantly younger than females (40.8 ± 13.2 vs. 45.0 ± 13.8 years, P = 0.001). Around 75% of patients (73.7% females vs. 75.7% males, P = 0.360) had sought medical advice in primary healthcare institutions or secondary hospitals before visiting our cough clinic ( Table 1) . https://e-aair.org https://doi.org/10.4168/aair.2019.11.6.871
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A total of , patients were assessed for eligibility To validate the representativeness of our data, the age and sex distribution was compared to a nationwide multicenter study which focused on causes of chronic cough in China. 2 The present study had a similar sex distribution as the nationwide study (females: 51.5% vs. 55.3%, P = 0.1), and exhibited a significantly higher age than the nationwide study (43.0 ± 13.7 vs. 40.4 ± 12.8 years, P < 0.001).
Age and sex distribution of patients in different age groups
Subdividing patients into 7 groups from the second to the eighth decade, for both females and males, patients aged 30-39 years were most frequently seen, which accounted for 26.0% of females and 32.4% of males. Within the age range of 20-49 years, the number of males (675, 37.1%) was slightly larger than that of females (578, 31.7%). Conversely, within the age range of 50-89 years, the number of females (361, 19.8%) was 1.7-fold higher than that of males (208, 11.4%) ( Fig. 3 ).
875 https://e-aair.org https://doi.org/10.4168/aair.2019.11.6.871 .001 Data are shown as mean ± standard deviation, median (interquartile range) or number (%). Comparisons were conducted between females and males. FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; VAS, visual analogue scale; FENO, fractional exhaled nitric oxide; Occupational or environmental exposure, exposure to triggers which were known to be harmful to human health in workplace or at home environment; Laryngeal paresthesia, an abnormal sensation or a tickle in the throat when not exposed to a cough trigger. There was a 50% reduction in the number of male patients from the age range of 50-59 years upwards, while the number of female patients fell by 50% or more from the later age range of 60-69 years.
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Percentage (%)
Age and sex distribution of different causes
Of the 1,822 patients, dual causes were identified in 128 patients and triple causes were identified in 11 patients. CVA (288, 15.8%), EB (389, 21.4%), GERC (321, 17.6%) and UACS (313, 17.2%) were the most common causes of chronic cough, followed by atopic cough (AC) (102, 5.6%) ( Supplementary Table S1 ). A slightly higher proportion of males was found in most of the common causes of chronic cough except for CVA, which displayed a female preponderance (Fig. 4) . 
Smoking status of patients with chronic cough
The majority of patients (1,583, 86.9%) were never smokers. Former smokers and current smokers were more common in males no matter in those aged 20-49 years or in those aged 50-89 years. In terms of never smokers, the number of males was roughly equal to that of females in the age group of 20-49 years, the number of females was 2.7-fold than males in the age group of 50-89 years ( Table 2 ).
Cough sensitivity to capsaicin
Data on cough sensitivity to capsaicin were available for 539 (269 females) of the 1822 chronic cough patients and 68 (32 females) healthy volunteers. There was no significant difference in age and sex distribution among the 1,822 patients, 539 patients who completed the capsaicin cough challenge test, and healthy volunteers ( Supplementary Table S2 2.07 ± 0.84 μmol/L, P = 0.001), and in the age range of 50-89 years (log C5: 1.56 ± 0.82 vs. 1.94 ± 0.87 μmol/L, P = 0.038) ( Fig. 6) .
For males, patients aged 50-89 years had higher cough sensitivity than those aged 20-49 years (log C5: 1.94 ± 0.87 vs. 2.07 ± 0.84 μmol/L, P = 0.015). For females, patients aged 50-89 years exhibited an increasing tendency in cough sensitivity compared to those aged 20-49 years (log C5: 1.55 ± 0.82 vs. 1.60 ± 0.86 μmol/L, P = 0.205) ( Fig. 6) .
To evaluate cough sensitivity in patients with different causes, the evaluations of cough sensitivity to capsaicin were conducted in patients with a single cause. There was no significant difference in mean age and sex ratio between all patients with a single cause and those completed capsaicin cough challenge ( Supplementary Table S3 ). Females had higher cough reflex (a lower log C5 value) compared to males (healthy volunteers: 2.31 ± 0.70 vs. 2.63 ± 0.59 μmol/L, P = 0.044; CVA: 1.50 ± 0.75 vs. 1.82 ± 0.75 μmol/L, P = 0.045; EB: 1.74 ± 0.77 vs. 2.24 ± 0.85 μmol/L, P = 0.001; GERC: 1.70 ± 0.90 vs. 1.97 ± 0.79 μmol/L, P = 0.061; UACS: 1.88 ± 0.71 vs. 2.29 ± 0.83 μmol/L, P = 0.110; AC: 1.33 ± 0.81 vs. 2.31 ± 1.02 μmol/L, P = 0.004; unexplained cough: 1.57 ± 0.92 vs. 1.91 ± 0.86 μmol/L, P = 0.167; other causes: 1.43 ± 0.88 vs.
2.06 ± 0.89 μmol/L, P = 0.026) ( Fig. 7) .
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Capsaicin log C (µmol/L) For both females and males, patients had higher cough sensitivity to capsaicin than healthy volunteers. However, no matter in females or males, there was no significant difference in cough sensitivity to capsaicin among patients with different causes of chronic cough (Fig. 7) .
Since few female patients had a smoking history, we analyzed the influence of smoking on cough reflex in male patients. There was no significant difference in the ratio of never smokers, former smokers and current smokers as well as in the mean age between the 883 male patients and 270 who completed capsaicin cough challenge test ( Supplementary  Table S4 ). Patients with chronic cough had enhanced cough sensitivity compared to healthy volunteers (log C5: 2.63 ± 0.58 μmol/L), whereas no difference in cough sensitivity was found among patients who were never smokers (log C5: 2.06 ± 0.86 μmol/L), former smokers (log C5: 1.95 ± 0.76 μmol/L) and current smokers (log C5: 2.10 ± 0.89 μmol/L) ( Fig. 8 ).
DISCUSSION
We evaluated almost 2,000 patients with chronic cough attending our Cough Clinic in Guangzhou, China over a period of 15 years. The results showed an overall younger age and a lack of female preponderance in Chinese chronic cough patients, despite a higher cough sensitivity to capsaicin in women and older patients as well as similar causes of chronic cough as Western countries. 18 The study could, to some extent, expand upon data previously published by Morice et al. 10 which displayed a strikingly homogeneous older female predominance of chronic cough patients worldwide.
Cough reflex sensitivity in female patients with chronic cough as well as in female healthy volunteers has been reported to be increased compared to male counterparts. 12, 13 It has been proposed that hypersensitivity of airway afferents and central-nervous system form the background of a higher prevalence of chronic cough in females. 9, 10 Capsaicin, a selective transient receptor potential vanilloid 1 (TRPV1) agonist, is most widely used to evaluate cough reflex sensitivity. Consistent with previous reports in Western countries, Chinese females were more sensitive to capsaicin compared to males despite the aetiology and age groups in this study. We found more females showed hypersensitivity to environmental cough triggers and talking, in addition to a greater prevalence of laryngeal paresthesia ( Table 1) , supporting the higher cough hypersensitivity found in females. Moreover, https://e-aair.org https://doi.org/10.4168/aair.2019.11.6.871
Chronic Cough Patients in China
Capsaicin log C (µmol/L) irrespective of sex, patients in the higher age range had enhanced cough sensitivity compared to the younger patients. It has previously been reported that ageing in adults is not associated with a decrease in cough sensitivity. 19 Additionally, higher cough sensitivity to capsaicin in the post-menopausal women compared to the pre-menopausal women 13 provides a possible mechanism underlying an older female predominance in other cough clinics, yet a higher cough sensitivity to capsaicin was not consistent with the age and sex distribution of chronic cough patients in the present study.
Smoking was identified as an important risk factor for chronic cough in community-based surveys. 20 The vast majority of patients presenting to specialist cough clinics are lifetime non-smokers, 21 which is a potential reason for the discrepant result could be that smokers with isolated cough symptom tend to ascribe their cough to tobacco and hence rarely seek medical advice specifically to combat this. 22 In addition, smokers who developed COPD or lung cancer could be excluded by primary care because of typical radiographic findings. 18 In our study, 86.9% of patients with chronic cough were never smokers. Although smoking was more prevalent in males, when patients with smoking history were excluded, a roughly equal sex distribution in the age range of 20-59 years and a female preponderance in the age range of 50-89 years were still present. Moreover, no significant difference in cough sensitivity was found among never smokers, former smokers and current smokers in male patients, while they all had higher cough sensitivity to capsaicin than healthy never smokers. Taken together, smoking was insufficient to explain the distinct age and sex distribution of chronic cough patients in our study.
Since China has no strict upward referral system, patients might directly attend specialist clinics without visiting primary care clinics. In the present study, of the 1,822 patients, only 25% were self-referrals without seeking any medical attention before visiting our cough clinic, while 75% had sought medical advice in primary health care institutions or secondary hospitals. Furthermore, EB, GERC, UACS and CVA were the top 4 causes, which were similar to previous reports from other specialist cough clinics. 2, 23 The total proportion (42.8%) of CVA, EB and AC was slightly higher in our study than in Western countries (10%-43%). 4 When patients with CVA, EB and AC were excluded, the number of females (n = 516, 49.5%) was still similar as that of males (n = 527, 50.5%), and the mean age remained 43 years, which suggests that the higher proportion of asthma-related cough was not the main contributor to the distinct age and sex distribution.
Considering the diverse climate and geography in China, regional differences might occur in chronic cough population. A few years ago, a nationwide study focusing on causes of chronic cough was conducted in 8 large cities from 5 geographic areas of China. A homogeneous age (40.4 ± 12.8 years) was observed across the 5 geographic areas, while a similar sex distribution (mean percentage of females: 52.7%) was found in South, North, Northeast and West China, with the exception of East China (Shanghai), which revealed a female predominance (percentage of females: 63.3%). 2 This study displayed a similar sex distribution as the nationwide study. Although the mean age of patients in the present study was 2.6 years older, we think it does not have clinical significance in this context, given that previous studies describing patients from Western countries reported a much older mean age (around 55 years). 10, 21, 24 Taken together, we think our study could, to some extent, represent demographic features of the broader chronic cough population in China. Although Shanghai is the most Westernized city in China might be a contributor to a female predominance, further studies are needed to clarify it.
A few studies have reported a homogeneous age and sex distribution of chronic cough patients in Western populations and non-Chinese Asian populations. 11, 25, 26 Song et al. 11 found a middle-aged female predominance (mean age: 52.8 ± 15.7 years and females 69.1%) of chronic cough patients referred to a tertiary cough clinic in Korea. Niimi et al. 25 conducted a multicentre study in Japan and showed that the mean age of chronic cough patients was 51.8 ± 18.9 years and that 59.7% were female. In addition, Dicpinigaitis et al. 27 has reported that no ethnic differences is found in cough reflex sensitivity among Caucasian, Indian and Chinese. Based on the above findings and the fact that a female predominance was shown in patients aged ≥50 years who accounted for merely 31.2% of the study population in this study, we speculate that the distinct demographic feature in China may be explained by the strikingly younger population with cough.
Rising levels of air pollution from industrial and traffic emissions have become a major threat to public health in China. 28 It has been reported that pollutants can not only enhance cough reflex sensitivity, but also induce non-allergic eosinophilic airway inflammation. 29, 30 In China, males account for over 80% of industrial workers 31 and traffic police, 32 as well as 95% of professional taxi 33 and bus drivers, 34 whose mean age was 37.6-38.5 years. Additionally, it has been found that although there is a tendency toward greater fractional deposition of inhaled particles in females rather than in males, because males have 45% higher minute ventilations than females, the particles depositing per unit of time is 30% greater in males than in females. 35 Moreover, more males (19.0%) had a history of occupational or home environment exposure than females (15.2%) in this study. Taken together, we speculate that because of the male predominance in pollution-intensive industries as well as the higher minute ventilations, younger males are more likely to suffer from occupational and environmental triggers. Further investigations are needed to confirm our speculation, given that transient receptor potential ankyrin-1 (TRPA1) rather than TRPV1 has been implicated in traffic-derived particulate matter eliciting cough. 36, 37 Furthermore, short-time exposure to high concentrations of particulate matter in Beijing increases citric acid cough reflex sensitivity in healthy tourists. 29 In the present study, however, only capsaicin cough challenge was analyzed. It is noteworthy that in previous studies of patients with chronic cough and healthy subjects, females displayed enhanced cough reflex sensitivity to a selective TRPA1 agonist, allyl isothiocyanate 17 and citric acid. 24 These findings can be explained by 2 possibilities. One is that cough reflex response to tussigenic agents are inherently lower in males than in females, therefore, up-regulated cough reflex sensitivity inducing cough in male patients might still be lower when compared to increased cough reflex sensitivity in female patients. The other is that in some patients coughs are induced predominantly by continued exposure to endogenous inflammatory mediators or inhaled irritants rather than by reduced threshold for the stimulation of afferent neurons.
Our study has some limitations. First, it is a single-center survey. In fact, many patients in our cough clinic were from different areas around our country. And our data displayed a similar age and sex distribution as the previous nationwide study, which supports the representativeness of this study. It is noteworthy that both the nationwide study and this study only analyzed patients presenting for the evaluation of chronic cough; therefore, demographic features of overall chronic cough population throughout China might not be reflected. It is conceivable that the lack of a sex difference in this study may have not been attributed to the possibility that women are less able or willing to present to a physician for the evaluation of chronic cough. When patients were divided according to the causes of cough, a female predominance was shown in those with CVA, which is consistent with results of previous studies conducted in China. 14, 38, 39 Secondly, given that capsaicin cough challenge is not a clinical routine test, it was performed only in a fraction of patients. Since there was no significant difference in age and sex distribution, between patients completed capsaicin cough challenge and in the broader group, it is believed that those completed capsaicin cough challenge were representative of the broader group. Thirdly, we could not determine which patients had been to a primary care center, a secondary care center or both, since we collected information by asking a question, "Have you ever been to a primary care center or a secondary care center for chronic cough?" However, when CVA, EB and AC, which are easily treated in a primary care and a secondary care center, were excluded, the age and sex distribution remained unchanged. Finally, due to the retrospective nature of this study, we could not clarify the effects of occupational and environmental exposures on the age and sex distribution of patients with chronic cough.
In summary, Chinese chronic cough patients had a roughly equal sex distribution and a middleaged predominance, irrespective of a higher cough sensitivity to capsaicin in females and older patients. Further studies are needed to clarify the strikingly younger population with cough in China, considering a female predominance was shown in patients aged ≥50 years.
